Understanding the effects of environmental conditions (e.g. temperature and pH value) on organic carbon dissolution behavior is very important for quantifying the biodegradation of municipal solid waste. However, the dissolving of organic carbon from solid waste has not been sufficiently described. In this paper, the dynamic of organic carbon dissolution under different temperature and pH value conditions are analyzed by both experiment data and model simulation. The results revealed that lower leaching pH values are favor for dissolving organic carbon especially rapidly dissolution fraction of the solid samples. Under high temperature extraction condition, the dissolution rate of rapidly dissolution fraction was also improved and the amounts of biodegradable products exceed low temperature extraction amount. The dissolving rates of organic carbon were in the order of 0.045-0.22 m 3 /kg/h for all leaching conditions. The labile fractions of water extractable organic carbon were ranged from 3.5% to 20.3%. Therefore, the water extractable organic carbon extracted from MSW consists of substantial amount of stable fraction, indicating that anaerobic bioremediation of old landfill site is ineffective.
Introduction
In Asian countries, Municipal Solid Waste (MSW) landfills are generally operated by conventional landfilling techniques, where anaerobic conditions are created within the landfill waste 1) . Biodegradation of organic matter under anaerobic conditions is a slow process and therefore it may bring risks to human health and the environment for a very long time. Biological stabilization of old landfills with in-situ aeration may accelerate the stabilization of the MSW and reduce the emission of greenhouse gases. The advantages of landfill aeration were demonstrated by lab-scale experiments 2, 3) and further implement on the large-scale landfill site 4, 5) . Decomposition of solid organic matter in Aerobic-Anaerobic landfill system can be generally separated into three processes: organic carbon dissolution, hydrolysis and biodegradation 6) . Clarifying the dissolving behavior of organic carbon from solid waste was essential for further quantification the hydrolysis and biodegradation process.
Dissolved organic carbon (DOC) or more precisely water-extractable organic carbon (WEOC) plays a key role in understanding a wide variety of physical-chemical and biological processes occurring in landfill site since it has a strong influence on many ecologically relevant processes. The most common acknowledgement about DOC is that it can enhance the solubility and mobility of metal and affect the availability of nutrients such as N, P and S 7) . Also, WEOC might be the most important C source for microorganisms and all microbial uptake mechanisms require a water environment. Therefore, the soluble state is essential for diffusion of substrates through microorganism cell membranes so the decomposition of the solid organic matter or large molecules can only occur after dissolution or hydrolysis by exoenzymes 8) . In the past decades, much progress has been made in understanding of WEOC functions and dynamics in soils, composting and MSW biodegradation field. In soil field, researchers have found that although WEOC makes up a very small portion (sometimes less than 1% 9) ) of total soil organic matter, it may provide the measure of bioavailable carbon. For example, Burford and Bremner 10) found a strong connection between WEOC, the rate of carbon mineralization and denitrification using different surface soils. Similar results also obtained by Cook and Allen (1992) 11) .
Also, the quality of the DOC/WEOC may strongly affect the physical characteristics (e.g. structure, aggregation) of soil 12) . In composting and MSW biodegradation field, WEOC has been chosen to clarify the process involved in the attainment of stability and maturity during the decomposition of waste materials 13) . Although some studies have been conducted and information about the properties of WEOC has been widely obtained, the dissolution kinetics of WEOC from solid materials are still rarely seen. Some researchers mainly focus their more attention on establishing the model for dissolving behavior of specific compounds, such as PAHs 14) and PCB 15) , than establishing the model for dissolution of organic carbon from solid waste. However, individual identification may not facilitate for constructing the biodegradation modeling for organic solid waste.
In this study, dissolving behaviors of organic carbon from MSW at various temperatures and pH values were investigated. Moreover, two different models, used to describe those dissolving phenomena were evaluated for the experimental data. Finally, biodegradations of WEOC under different extraction conditions were investigated. The objectives of this study were 2-fold: (i) to establish a numerical model which can simulate the dissolving behavior of organic carbon from MSW and provide information on long-term dissolution kinetics of WEOC; (ii) to investigate the biodegradability of these WEOC and feasibility of bioremediation of old landfill site.
Materials and methods

Municipal solid waste
Municipal solid waste samples used in leaching experiment were taken from Laogang landfill, Shanghai, China, which were received primarily from residential and some commercial raw MSW with a capacity of 9000 tons per day. These solid wastes have been decomposed anaerobically for five years before the sampling. Solid waste samples were collected from several random pits (approximate 1 meter) which were excavated with means of digger and then were mixed so that the most representative sample could be obtained. The original aged refuse comprised 1.0% (w/w) of waste paper, 2.3% (w/w) of cloth, 4.7% (w/w) of plastic, 0.2% of rubber and leather, 6.5% (w/w) of wood and straw, 6.0% (w/w) of kitchen waste, 1.1% (w/w) of metal, 6.6% (w/w) of glass, 28.7% (w/w) of ceramics and stone, 42.9% (w/w) of the others whose sizes were lower than 5 mm. More information about the characteristics of this municipal solid waste can be found elsewhere 16) .
The excavated aged solid samples were sieved moistly (lower than 4 cm) in situ and large plant material and rock were removed by artificial selection. The subsamples were air-dried at room temperature, and were sieved to obtain the aggregate size fraction lower than 2 cm. After that, the sieving samples were grinded until the aggregate size was lower than 0.44 mm with two-fold purposes: firstly, the amount of solid waste used to process the leaching experiment was just 5 gram and the grinding procedure would guaranty the homogeneity of the sample. Secondly, the grinded samples can represent samples whose sizes were lower than 2 cm, and are of more representation than the particle diameter lower than 2 mm. The grinded samples were stored at 4 o C prior to leaching experiments. The pH of the solid sample was 9.0 ± 0.2, dry-weight percentage of total carbon, total inorganic carbon and the total nitrogen were 9.5 ± 0.5%, 1.4± 0.1%, 0.6± 0.1%, respectively.
Leaching experiments
One objective of our experiments was to investigate the influence of different temperatures (25, 35 and 45 o C) and pH values (7, 8 and 9) on organic carbon leaching behavior. Leaching experiments were processed in several 1L beakers which were set on the heaters. Each beaker was loaded with 5g of grinded sample and 1L deionized water. The desired temperatures and pH values of the solution were adjusted and maintained by the heaters and 5 mM HCl/NaOH solutions, respectively. A stirring apparatus was installed to keep the solid sample suspension during the leaching experiments with the stirring rate of 300 rpm. During the experiments, 15 ml solutions were sampled with syringed equipped with 0.45μm cellulose acetate membrane filter at different time interval. Each of leaching experiments was processed for 6 hours which are in agreement with leaching test method for soil, JLT-46 17) . All the leaching experiments were carried out in duplicate.
Incubation experiments
400 ml of the solution extracted from different batch experiments were used to quantify the potential biodegradability of WEOC. As shown in Figure 1 , the incubation experiments were processed in 500 ml flasks. No nutrients were added during the whole experiment. We used the original samples (< 4 cm) to obtain the inoculums which ensured the equivalent start conditions. Before extraction of inoculums, the solid sample (moisture 65%) was incubated for 14 days at 30 o C to reactivate the microorganisms. After that, inoculums solution was obtained by shaking the solid samples 1 hour with 4 mM CaCl 2 solution (Solid: Solution =1:10) and filtered through 5 μm membrane filter to remove large particles and grazing microfauna. The inoculums were added into the samples with inoculums/sample volume ratio of 1:100. Before the incubation, the pH values of inoculated samples were adjust to 9.0 with 5mM NaOH solution and the top space of the flasks were purged with nitrogen gas to maintain the anaerobic condition. After that, inoculated flasks were incubated in the dark at 35 o C. The flasks were shaken once a day artificially. Subsamples (15ml) were collected from the incubation flasks at 1, 5, 12, 20, 28 days and passed through a 0.45μm filters. The filtrated solutions were analyzed immediately for total and inorganic carbon on a Shimadzu TOC analyzer. The biodegradation dynamic of WEOC were quantified by the flux of TOC concentration in liquid phase. 
Mathematic simulation 2.4.1 Leaching data simulation
Two models variously which were used to describe leaching phenomena were evaluated for description of the rate data. Brief descriptions of these models are as follow.
The first evaluated model was a dynamic model which is considered to be the impact of organic carbon concentration in both solid and liquid phase. These equations have been used to simulate the biodegradation of MSW in Aerobic-Anaerobic landfill method 6) . Equations as follows have the forms In this model, first-order equations were used to describe the dissolution rate for both the rapidly dissolving fraction, f 1 , and the slowly dissolving fraction, f 2 . A similar two-compartment model has been widely used previously to simulated desorption of hydrophobic organic contaminants (HOCs) from soils or sediments 18, 19, 20) . The two-compartment model was shown as below.
Where S(t) (kg) is the amount of WEOC in solid phase after dissolving time t (h). And S o (kg) is the amount of extractable organic carbon. The total extractable carbon amount was measured according to the method modified from both researcher Shao et al. (2009) 21) and Zsolnay. (2003) 22) . Briefly, the grinded solid samples were extracted with 10 mM CaCl 2 (solid to water ratio of 1:10, w/v) for 24 hours in a horizontal shaker at room temperature. The suspensions were then filtrated through a 0.45 μm membrane filter. f 1 and f 2 are the rapidly and slowly dissolving fraction.
) and k s (h -1 ) are apparent first-order rate constant for the rapidly and slowly dissolving fractions, respectively.
Biodegradation data simulation
Based on the assumption that WEOC is a mixture of components with different degradation rates and different extents of degradability, we fitted a double exponential model with two distinct pools with different rates to the measured mineralization using a least square optimization method. This double exponential model has been widely used to simulate the mineralization of water extractable organic carbon from different types of solid waste and soil 23, 24, 25, 26, 27) .
Where t is time (day), a: is the part of WEOC that is rapidly decomposed (equal to labile WEOC fraction, %), (100-a) is the part of WEOC that is slowly decomposed (equal to stable WEOC fraction, %), k 1 and k 2 are respective decomposition rate constants of the labile and stable WEOC (h -1 ).
Data analysis
The values of the parameters adopted in dynamic model were estimated by curve fitting with Finite Difference Method. The nonlinear regression of two-compartment models and double exponential model were developed with solver add-in tool. The solver tool was applied to maximize the coefficient of determination between experimental and predicted kinetics.
Results
Effect of temperature and pH value on batch dissolution of organic carbon from MSW
The values of organic carbon extracted from MSW under different extraction conditions have been shown in Figure 2 . The values of dissolve rate and equilibrium concentration of organic carbon which were obtained by fitting the experiment data with dynamic model can be found in Table 1 /kg/h for all leaching conditions. However, the dissolve rates might not be very accurate because the dynamic model cannot match with the experiment data for the first 10 minutes. Therefore, the two-compartment model was used to investigate the leaching behavior of the solid sample.
In Table 2 , the rapid fraction, rate constant for the rapidly and slowly dissolving fractions were given. The value of extractable organic carbon (S o , mg) is 5.42 mg-c/g-solid sample which has been used in the leaching experiment. As can be seen in Table 2 , the two-compartment model can fit the experiment data very well which can be reflected by the correlation coefficient. The rate constant for the rapid fraction (k f ) increased with the rise of leaching temperature under the same pH condition while the rate constant for the slow fraction (k S ) were affected by both temperature and pH conditions. The k f values were in the order of 14-65 h -1 , which were around 1000 times larger than k S . The value of rapid fraction (f 1 ) increased with the reduction of liquid pH value under the same leaching temperature while it wasn't obviously affected by the temperature changing under the same pH conditions. The values of f 1 were about 50%, 40% and 30% for leaching pH value equal to 7, 8 and 9, respectively.
WEOC mineralization
The WEOC mineralization was shown in Figure  3 . The mineralization fractions of the solution leaching from different conditions depended on both the leaching temperatures and pH value. Under pH value equal to 7, the maximum mineralization fraction was 12.3 % which appeared in leaching temperature equal to 45 o C. For pH value equal to 8 The dynamic WEOC mineralization in most samples was fitted by a double exponential model ( Table 3 ). The rate constants of the labile WEOC, k 1 , increased when the leaching pH value decreased. The values of k 1 were significantly larger than the rate constants of the stable WEOC, k 2 , although the value for k 2 may not be very accurate because of low number of sample points. The residence time (equal to 1/k 1 ) for labile organic carbon was ranging from 0.6-6.3 days. Furthermore, under pH value equal to 7, the values of labile WEOC fraction, a (%), were in order of 3.5 %-11.0%, which were much lower than other two leaching pH conditions. The labile fractions of WEOC rose when leaching temperature increased except in the case that pH value equal to 9, temperature changed from 
Discussion
Temperatures and pH values are variable during the decomposition of MSW. Understanding the dynamic of organic carbon extracted from solid waste is essential for further investigation of biodegradation process. The dissolution of organic carbon from solid waste is a very complicated procedure which can be affected by multi factors such as temperature and pH values 28) . Dissolution of solid phase in liquid media usually proceeds in several steps, such as mass transfer process and chemical reactions of reactant with molecules located at the solid surface 29) . After 6 hours' leaching experiment, the pseudostable equilibrium concentrations of WEOC were mainly affected by pH value instead of temperatures. These results might be different from the common concept that solubility of the substance increased with the rising temperature. This phenomenon might be attributed to the following reasons. The rising temperature may increase the solubility equilibrium concentration and the effect was various with the specific compounds. The concentrations of WEOC in these experiments were much lower than the solubility equilibrium concentration and therefore the dissolving of organic carbon wouldn't stop if there was still extractable existing organic carbon existing. However, the results obtained by the experiments showed that the rising temperature didn't affect the equilibrium concentrations and therefore it might reveal the fact that the dissolution of specific organic compound (such as slowly dissolving fraction) which contributed to the equilibrium concentrations of WEOC were not controlled by mass transfer process but by chemical reaction. Firstly, according to Brigante et al. (2007) 28) , the effect of mass transfer was normally weak in aqueous media especially under stirring condition; secondly, the activation energies (E app ) were various with different compounds and showed higher values when they were related to chemical reaction control process 29) . The results also indicated that the activation energy (E app ) for the dissolving of slowly dissolving material was too high to be overcome by simply rising the aqueous temperature from 25 o C to 45 o C. The theory can be proved through the fact that increasing temperature (under the same pH condition) didn't lead to the rising of rapidly dissolving fraction and reducing pH value (under the same temperature condition) benefited for the rising of rapidly dissolving fraction (Table 2) . On the other hand, the increasing leaching temperature leading to the increasing rate constant for the rapidly dissolving Table 2 . Therefore, the results obtained here suggested that, for our sample, the rising temperature (from 25 o C to 45 o C) mainly improved the dissolution rate of rapidly dissolving fraction which was controlled by physical adsorption/desorption process with the low activation energy 29) and extra energy was required to convert the slowly dissolving fraction of the sample into the rapidly dissolving fraction.
The dissolution behavior of organic carbon could be affected by both pH values and anions and cations concentrations 30) . The cations concentrations after 6 hours' leaching experiment can be found in 29, 30) found that dissolution rate of pure solid humic acid particles decreased by the inorganic divalent cations (Mg ). Different from the pure material, the material used in the leaching experiment was collected from field site. It contained more than 90% inorganic material. The decreasing pH values might accelerate the dissolving rate of the inorganic salt and therefore increased the concentrations of organic carbon in solid phase. The result can be proved by analyzing the TOCs before and after the leaching experiments (data not shown). Furthermore, inorganic salt might release the organic carbon captured in the particle or increase the contact area of the organic material and liquid phase which was beneficial for the dissolution rate.
The quality and biological nature of WEOC were affected by the extraction temperature. Normally, the amounts of biodegradable products under high temperature extraction condition exceed low temperature extraction amount 31) . The results found in this experiment also support the theory mentioned above. The mineralization fraction of WEOC was ranging from 3.7% to 21.1% for all incubation experiments, which was similar to the range (12%-20% WEOC mineralization) found by Bu et al. (2011) 31) . The low decomposition rate constants of the stable WEOC, k 2 , found in this experiment suggested that more than 79% of the WEOC was hard to be decomposed under anaerobic condition by in-situ bacteria. Moreover, based on the result found in this research, reduction of organic carbon from solid phase through water leaching was very low and the contribution of anaerobic mineralization of the WEOC to the TOCs reduction was liable to be negligible. However, much more leaching experiments with different types of MSW collected from different landfill are essential in order to further confirm this result. 
III_136
Conclusions
This study was conducted to investigate the dissolving behavior of MSW under various leaching conditions. Moreover, a dynamic model and two-compartment model have been used to interpret the leaching data. The biodegradability of WEOC was also estimated through the incubation experiment.
The results of this study showed that the equilibrium concentration of WEOC was increased with the reducing leaching pH values. The dissolve rates of organic carbon were in the order of 0.45-2.2×10 -1 m 3 /kg/h for all leaching conditions. The dissolution rates of the solid sample are increasing while reducing the leaching pH values or increasing the leaching temperature. The k f values were in the order of 15-66 h -1 , which were around 1000 times larger than k S . It revealed that desorption behavior of organic carbon from MSW could be characterized by rapidly and slowly desorbing fractions. The value of rapid fraction (f 1 ) increased with the reduction of liquid pH value and in the range of 30%-50%. The maximum mineralization fractions was less than 21.1% suggesting that reduction of organic carbon from solid phase through water leaching was very low and the contribution of anaerobic mineralization of the WEOC to the TOCs reduction was liable to be negligible.
In spite of the results presented in this article, much work is still needed to achieve a good understanding on how pH value and temperature affect the separation of dissolvable fraction from the particles. The feasibility of aerobic bioremediation of the old landfill also needs to investigate.
